Agriculture is a major land use in the coastal prairie area located in the southern part of the Trinity River Basin. Crops grown in the area include rice, sorghum, and soybeans. Pesticide-use 
Introduction
The Trinity River Basin was among the first 20 hydrologic systems under full implementation of the National Water-Quality Assessment (NAWQA) Program. Planning and analysis of existing information began in 1991. Intensive data collection began in 1993. With its mouth on Trinity Bay ( fig. 1 ), the Trinity River contributes substantial amounts of freshwater to Galveston Bay, which was selected by Congress as an estuary of national significance and included in a priority list for the National Estuary Program. Previously, inflow to Galveston Bay from the Trinity River has been estimated from measurements 70 miles upstream from the mouth. As a part of the NAWQA study, the water quality in the coastal prairie area immediately upstream from the bay was assessed. The area has a complex hydrologic system and diverse land use that 
Study Area Description
The southern part of the Trinity River Basin can be described as a coastal prairie with almost level relief, clay-rich soils, and a subtropical climate. , 1994) . The coastal prairie is the only area within the river basin where rice is grown. Because of the water requirements for rice, a more complex hydrologic system of rice irrigation canals and drainage canals for return flows is required. Natural drainage has been altered because of roadways and drainage canals in the flat terrain. An example of the hydrologic system in one of the coastal prairie watersheds, West Prong Old River, is shown in Figure 2 . Streams and crops in the West Prong Old River watershed.
Geographic Information and Retrieval System (GIRAS) files (Ulery and others, 1993) . Categories that made up less than 1 percent of the area and are not shown in the table include water, wetlands, and barren land. These data also have been updated with information from the 1990 census, which indicates areas of new urban development (Hitt, 1994) . All three of the watersheds have more than half of the area devoted to agriculture which includes, in addition to cropland, pasture and any other agricultural areas such as turf farms, orchards, nurseries, or feedlots. East Fork is the largest watershed. The Anahuac oil field occupies 25 percent of this watershed and is classified as urban. Whites Bayou is the smallest of the three watersheds and is located just to the west of East Fork. Whites Bayou also has the highest percentage of mixed and evergreen forest. The third watershed, West Prong, is located on the west side of the Trinity River and includes the highest percentage of land in agriculture.
The crop information was obtained by use of aerial photographs of the watersheds taken during the sampling period and assistance from Consolidated Farm Service Agency (CFSA) officials in Liberty and Chambers Counties. The aerial photographs were taken at a scale of 1:24,000, and the watershed boundaries and crop information from the CFSA were overlaid on images of the aerial photographs (Zey, 1995) . The crops identified through the CFSA account for most of the cropland in the watersheds. The remainder of the agricultural area may be accounted for by hay (which is generally not treated with pesticides), pasture, turf farms, and very small areas planted in rye. Figure 2 is an example of an image from the aerial photographs overlaid with the watershed boundary and crops of the West Prong watershed. Rice is the dominant crop in the watersheds of both East Fork and Whites Bayou. Rice is planted between April and mid-June, depending on the weather. The West Prong watershed has the greatest variety of crops; sorghum and soybeans are grown in addition to rice. Sorghum is planted as early as the first part of March, and soybeans are planted in the May to June timeframe. There are also some turf farms in West Prong.
Pesticide Applications
Pesticide-use estimates were made for the crops grown in the coastal prairie area. This was done by multiplying the area planted for a given crop in each watershed by a pesticide application rate estimate from the Texas Agricultural Extension Service (Bill Harris, written commun., 1991, and Glenn Avriett, written commun., 1995) and by the percentage of county area of that crop that was treated figure 2. Other agricultural activities in the area include the production of grain sorghum and soybeans as well as cattle ranching. In addition to gas chromatography/mass spectrometry and high-pressure liquid chromatography methods for pesticides, laboratory analyses included major inorganic ions, nutrients, and suspended sediment. Field measurements included stream stage and discharge, water temperature, pH, dissolved oxygen, and specific conductance.
Pesticide Results
The coastal prairie pesticide data were summarized as frequency of detections for each pesticide. Concentrations of the most frequently detected compounds were graphed versus time and compared to available water-quality standards. The amounts of these frequently detected compounds transported in the streams over time were also estimated and compared to the amounts applied in the watersheds.
Occurrence
The first level of data analysis for the pesticides is to identify which compounds are present, or occurring, in the streams. One measure of pesticide occurrence is the frequency of detections among all the samples. Figure 3 is a bar graph showing the distribution of detections for all the pesticide samples in the coastal prairie area. The figure lists herbicides and insecticides separately and shows that herbicides are much more frequently detected than insecticides.
Three herbicides-atrazine, metolachlor, and molinate-were detected in more than 75 percent of the samples. These three herbicides were among the most highly used compounds on rice, sorghum, and soybeans. Desethyl-atrazine, a breakdown product of atrazine, was also detected in nearly 70 percent of the samples. Thiobencarb was detected in about 40 percent of the samples and was also among the most highly used compounds. Propanil was second in estimated total use but was only detected in 16 percent of the samples. The low number of detections for propanil could be with the pesticide. These estimates are given in table 2. Only those pesticides included in NAWQA laboratory analyses are shown.
The compounds with the highest use on rice are the herbicides molinate and propanil. These compounds are used individually and in combination (as trade name Arrosolo) to control a variety of grasses and broadleaf weeds. Another herbicide, quinlorac (trade name Facet), which is not included in NAWQA analyses, is replacing some of the propanil use. The other herbicides used on rice are thiobencarb, acifluorfen, bentazon, and pendimethalin. Most of the herbicide applications for rice are before planting or very early in the growing season. The insecticide carbaryl is used on rice to control stink bugs and army worms. Carbofuran is used to control rice water weevils, and methyl parathion is used for additional stink bug control. The use of the insecticides on rice varies from year to year with the severity of insect problems.
Sorghum is treated with a much smaller number of pesticide compounds. The herbicides atrazine and metolachlor are used in combination (as the trade name Bicep) for preemergent weed control. Two insecticides are used. Ethyl parathion is used for the control of midges, and chlorpyrifos is used to control sorghum headworm.
Several herbicides are used for weed control on soybeans. Acifluorfen is used in the greatest amount, followed by bentazon, alachlor, metolachlor, linuron, and metribuzin. Three insecticides are used on soybeans. Methyl parathion is used for the control of stink bugs, and carbaryl and permethrin are used for worm control.
Other pesticide uses have not been quantified but may include use of 2,4-D for weed control in canals and on rights-of-way, the use of various herbicides and insecticides on turf farms in the area, and additional herbicide use for the control of vegetation in industrial areas such as oil fields. 
Concentrations
In addition to pesticide occurrences, it is important to consider the levels at which they are present in the streams. Concentrations of the three herbicides that were detected in more than 75 percent of the samples are shown in figure 4 . Three herbicides were frequently detected but did not show up in the agricultural use estimates. These were tebuthiuron, simazine, and prometon. All three of these compounds may be used for weed control in industrial areas and along highways. Simazine is also associated with turf production and may be used on turf farms in the area.
Only seven insecticides were detected at the coastal prairie sites, and all of these were detected in less than 25 percent of the samples. The most frequently detected insecticide was carbofuran, which was used on rice. Diazinon was the second most frequently detected insecticide but was not included in the compounds used on rice, sorghum, and soybeans. Diazinon is used on home gardens and farms to control a wide variety of insects. It is also used around homes for control of grubs in lawns as well as control of fleas and ticks. It is frequently detected in the Trinity River Basin, especially in the urban areas. Malathion was detected in 11 percent of the samples and was also not included in the compounds used for rice, sorghum, and soybeans. It may be used in the study area for mosquito control. Two insecticides that had relatively high use rates, carbaryl and methyl parathion, were detected in less than 10 percent of the samples. The physical and chemical properties of these insecticides may be responsible for the low number of detections. Carbaryl has been shown to have a half-life in streamwater of 24 hours (Wauchope, 1978) . Methyl parathion also degrades rapidly in water with a photodegradation half-life of 8 days during the summer. Similarly, ethyl parathion, which was used on the crops but not detected in any samples, has a half-life in water with photodegradation of 1 to 10 days (Howard, 1989 or soybeans were grown in the watersheds. However, concentrations were lower in these two streams than in West Prong, where atrazine and metolachlor were applied to sorghum and soybeans in the watershed. The highest concentration of atrazine, 4 µg/L, was in March at West Prong. This value exceeds the MCL of 3 µg/L, but all other concentrations of atrazine at all of the sites were below the MCL. The application of atrazine in the pre-emergent product Bicep on sorghum, which is planted in March, corresponds to this peak concentration. Metolachlor concentrations were also highest at West Prong, but the seasonal peak was a little later, with 1.9 µg/L occurring in May. This may correspond to application of metolachlor to soybeans, which are planted in this timeframe. 
Loads
While concentrations show the levels of the pesticides in the stream, loads are necessary to show the total amount of pesticides transported by the streams over time. Yearly loads for atrazine, metolachlor, and molinate were estimated using the unbiased stratified ratio estimator method (Thomann and Mueller, 1987) . This method uses the concentrations and discharges measured during sampling along with the mean flow for the period to determine the load. It also allows for the data to be divided into two or more "seasons" to allow for variable flow or concentrations. In this case, for each watershed and pesticide combination, the data were split into two groups; one group was the growing season, which was determined from the seasonal concentration graph, and the other group contained the rest of the data (when the concentrations were generally lower in the fall and winter). Using a mean value for flow made the load estimate possible even though flow was not measured as frequently during the fall and winter. Also, for the compounds which show a significant yearly load, the load during the fall and winter made up a very small percentage (0.3 to 2. Like the concentrations, the loads of these pesticides were higher in the watersheds where they were applied to crops. The estimated loads are listed in table 3. Estimated yearly loads for molinate were greater than 11 kilograms per year (kg/yr) in each of the three watersheds, while atrazine and metolachlor loads were clearly greater in West Prong, where the pesticides are known to be extensively applied.
The percentage of pesticide applied that was lost to the stream was calculated using the estimates of pesticide use and yearly loads. This percentage could not be calculated for atrazine and metolachlor in the two watersheds where the use of the pesticides on the major crops was not documented. The percentages are also listed in table 3. In the West Prong watershed, the percentage lost to the stream for atrazine was 2.5 percent and for metolachlor was 1.5 percent. The percentage lost to the stream for molinate was near 1 percent in both the East Fork and West Prong watersheds and 7.8 percent in Whites Bayou. As discussed above, Whites Bayou showed the highest single concentration of molinate at 200 µg/L. In comparison, a study of relations between the use of 26 pesticides and riverine flux in the Mississippi River Basin in 1991 showed values for loss of atrazine from 0.6 to 2.0 percent and metolachlor from 0.5 to 0.9 percent. Values for all 26 pesticides ranged from less than 0.01 to 10.5 percent (Larson and others, 1995) .
Summary
Water-quality samples were collected from three watersheds in the coastal prairie area immediately upstream from Trinity Bay. The three watersheds are representative of this area where agriculture is an important land use and the major crops grown are rice, sorghum, and soybeans. Results of this sampling include the following:
• Twenty-nine pesticides were detected in one or more of more than 60 surface-water samples from the three coastal prairie streams
• Herbicides were detected more frequently than insecticides
• The most frequently detected compounds were the herbicides atrazine, metolachlor, and molinate
• In general, concentrations and loads of atrazine, metolachlor, and molinate were highest in the watersheds where more had been applied to rice, sorghum, and soybeans
• Peak concentrations of atrazine, metolachlor, and molinate occurred in the spring around the time of their application
• Maximum concentrations of atrazine and metolachlor were almost always below drinking-water standards set by USEPA; no standards are available for molinate
